Members of the phylum Firmicutes constitute a major fraction of the marine deep biosphere [1] . As organic carbon availability is very limited in these deep subsurface sediments, it remains unclear whether spore-forming taxa are active or persist in a resting stage, i.e. as spores [2] . It has been suggested that certain bacteria endure in sediments as spores because spore formers had been isolated after pasteurization [3, 4] or thermophilic spore formers have been detected in habitats with permanently cold temperatures [5] [6] [7] . Furthermore, the number of endospores was estimated to be as high as the number of vegetative cells in subsurface sediments [8] . Here we characterized four novel spore-forming bacteria of the phylum Firmicutes, isolated from subsurface sediments of Little Belt and Landsort Deep in the Baltic Sea.
The four strains were isolated from sediments recovered during IODP Expedition 347 to the Baltic Sea. Sediments were drilled and subsequently sub-sampled into sterile plastic syringes, capped at the open end with a rubber stopper and transferred into gas-tight bags that were flushed with N 2 before sealing. Samples were stored at 4 C until transport to the laboratory in Oldenburg, Germany, where liquid enrichment cultures were immediately inoculated. Subsequent enrichment and isolation was undertaken at 15 C. Strains 59.4F, 59.4B
T and 59.4M T were isolated from a sediment depth of 12.7 m at station M0059 (55 0.29¢ N, 10
6.49¢ E, Little Belt, Baltic Sea). ; [11] ), 1 ml resazurine solution (1 g l
À1
) and 1 ml 1 M sodium sulfide solution. The pH was adjusted to 7.0-7.2. Strains 59.4F and 63.6F
T were enriched and isolated with freshwater medium, strain 59.4B
T with brackish water medium and strain 59.4M
T with seawater medium. A monomer mix containing 36 different carbon sources (final concentration 0.1 mM each) was used as a carbon substrate for all enrichments (Supplementary Information, available in the online Supplementary Material). The strains were isolated in several transfers of anoxic deep-agar dilution series. The morphology was examined by phase-contrast microscopy and transmission electron microscopy. All cells grew as straight rods, with sizes of 0.7Â2.6-4.4 µm observed for strain 59.4F, 1.1Â3.0-5.0 µm for 59.4B
T and 0.9Â2.1-4.5 µm for 63.6F T (Fig. 1) . Cells of 59.4M T were 0.6-0.8Â2.7-7.8 µm and observed to be thinner (0.5 µm) and longer (up to 14.7 µm) in older cultures but shorter in aerobically grown cultures. Spores were observed at low numbers during cultivation at all times for all strains and formed terminally ( Fig. 1a-d) , with cells remaining viable after pasteurization (80 C, 10 min). Spores of 59.4M T were often detached from the cells (Fig. 1a) . For all strains, motility by means of one to three flagella (sometimes more) located subpolar or laterally was observed occasionally (Fig. 1) . Gram staining (as per the standard technique) revealed that all strains were Gram-stain-positive. Catalase activity was inferred by the effect of 5 % H 2 O 2 (v/v) on a cell suspension, and oxidase activity was assessed according to the method of Kovacs [12] . Strain 59.4M
T showed catalase but no oxidase activity, strains 59.4F and 59.4B
T showed oxidase but no catalase activity, and strain 63.6F
T was catalase-and oxidase-negative.
Physiological tests were performed in liquid culture at 15 or 20 C, and growth was determined by OD measurements. Cultures grown with alternative substrates (final concentrations 5-10 mM) were once again transferred to fresh medium to verify growth. Fermentation products were analyzed by HPLC. The pH ranges for growth were determined in media with 12 different pH levels, with fructose (10 mM) for strain 59.4M
T and glycerol (10 mM) and sulfate (10 mM) for strains 59.4F, 59.4B
T and 63.6F T . NaCl growth requirements were tested with 12 NaCl concentrations between 0 and 5 % (w/v). The temperature ranges were determined at nine temperatures between 4 and 45 C. Growth tests for NaCl concentration and temperature ranges were conducted with fructose (10 mM) for strain 59.4M T , with lactate (10 mM) and sulfate (10 mM) for strain 59.4F and with glycerol (10 mM) and sulfate (10 mM) for strains 59.4B
T and 63.6F T . Nitrate concentration was measured by ion chromatography, nitrite production according to the methods of Grasshoff et al. [13] , Fe 2+ production by the ferrozine method according to Stookey [14] and sulfide production according to the protocol of Cord-Ruwisch [15] . Manganese reduction was examined by the disappearance of brown manganese oxides in liquid culture. Growth ranges and optima for pH, temperature and NaCl are given in Table 1 for strain 59.4M
T and in Table 2 for strains 59.4F, 
59.4B
T and 63.6F T . None of the four strains required vitamins for growth. Strain 59.4M
T grew aerobically and anaerobically with casein (0.1 % w/v), yeast extract (0.1 % w/v), peptone (0.1 % w/v) and tryptone (0.1 % w/v) ( Table 1) . Additionally, the strain grew anaerobically by fermentation of fructose, glucose and fumarate, with the main fermentation products being acetate, butyrate and propionate from glucose, acetate and butyrate from fructose, and butyrate, propionate and formate from fumarate fermentation. The other three strains, 59.4F, 59.4B
T and 63.6F T , grew with sulfate (final concentration 10 mM), thiosulfate (10 mM), elemental sulfur, DMSO (10 mM), sulfite (10 mM), malate (15 mM) and fumarate (15 mM) as electron acceptors. Additionally, 59.4F and 59.4B
T (but not 63.6F T ) reduced nitrate 
*Growth observed in the presence and absence of oxygen. T and 63.6F T did not use glucose, arabinose, maltose, lactose, ribose, galactose, rhamnose, xylose, cellobiose, acetylglucosamine, arginine, glutamine, asparagine, alanine, lysine, isoleucine, proline, histidine, succinate, propionate, acetate, butyrate, butandiol, propanol and propandiol in combination with sulfate as electron acceptors, and aerobic growth on LB medium (10 g tryptone l À1 , 5 g yeast extract l À1 , 10 g l À1 NaCl, pH 7) was not observed. Utilization of:
to equal amounts of nitrite as well as, very slowly, manganese oxide (Table 2 ). Strains 59.4F, 59.4B T and 63.6F T used betaine, lactate, glycerol, malate, ethanol and hydrogen as electron donors (Table 2) . Lactate was incompletely oxidized to acetate. Additional electron donors utilized by 59.4F and 59.4B
T were pyruvate, butanol, methanol and formate, while fructose, mannitol and serine (slow growth with serine) were only used by 63.6F
T , and 59.4B T alone utilized fumarate ( Table 2 ). All three strains fermented pyruvate, malate and glycerol, but only 63.6F
T fermented fructose. The main fermentation product for all three strains and all substrates was acetate.
Fatty acids were analyzed by GC with flame ionization detection or quadrupole mass spectrometry according to previously published specifications [16] . The dominant fatty acids (>10 %) of all strains were C 16 : 0 and C 18 : 1 !9c (Tables 3  and 4) . Additionally, 59.4M
T showed high abundance of C 14 : 0 , ai-C 15 : 0 and C 16 : 1 !9c ( . The 16S rRNA genes were amplified and sequenced with primers 8F, 518R and 1492R [17] . Ambiguities in the 16S rRNA gene sequences probably arose from several 16S rRNA gene copies differing in sequences in genomes of species of the genus Desulfosporosinus. Phylogenetic analysis was performed with the ARB program [18] . The phylogenetic tree was reconstructed using the maximum likelihood algorithm (PHYML with nucleotide substitution model HKY) and a 50 % sequence conservation filter for Bacteria. Based on 16S rRNA gene similarity, 59.4M
T was closely related to Alkaliphilus transvaalensis (92.3 %), Candidatus Geosporobacter ferrireducens (92.2 %), Geosporobacter subterraneus (91.9 %) and Alkaliphilus peptidifermentans (91.7 %) (Fig. 2) . Due to its phylogenetic distance from species of the genera Alkaliphilus and Geosporobacter, strain 59.4M
T represents a novel genus. This is additionally supported by differences in physiology, such as fermentation of arginine, xylose, serine and maltose not being observed for 59.4M T , in contrast to its closest relatives (Table 1) . Instead 59.4M
T grew by aerobic respiration, whereas A. transvaalensis, G. subterraneus and Candidatus G. ferrireducens were strictly anaerobic, and A. peptidifermentans was aerotolerant but did not use oxygen for growth. The novel strain 59.4M
T can be easily distinguished from the members of the genus Alkaliphilus by its preference for growing at neutral pH, whereas for species of the genus Alkaliphilus growth was still observed at pH values of 9.0 to 12.5 (Table 1 ). In the genus Geosporobacter, only Candidatus G. ferrireducens is alkaliphilic, with an optimum pH of 9.0-9.9, whereas G. subterraneus grew at neutral pH (Table 1) . Furthermore, the temperature optimum for 59.4M
T was low (25 C) compared with the closest relatives, which had higher temperature optima and maxima ( T was related to D. lacus (97.7 %), Desulfosporosinus meridiei (96.6 %) and D. hippei (96.5 %) (Fig. 2) . The ability of strains 59.4F and 59.4B
T to use nitrate as an electron acceptor also distinguishes them from the closely related species, D. hippei, D. lacus, D. meridiei and strain 63.6F T (Table 2) , a physiological characteristic shared with other more distantly related species of the genus Desulfosporosinus, e.g. Desulfosporosinus acididurans [19] . Strain 63.6F T utilized fructose, serine and mannitol,in contrast with closely related strains, however, it did not grow with a number of substrates as electron donors, such as pyruvate, methanol and butanol, which most other strains used (Table 2) . Interestingly, the closest relatives of 59.4M T were also isolated from the deep biosphere, with A. transvaalensis and G. subterraneus originating from 3200 m deep, terrestrial mine water and an 800 m deep aquifer, respectively [3, 20] . Within the genus Desulfosporosinus, only D. burensis was isolated from a deep subterrestrian environment, a 490 m deep borehole [21] . This indicates that these organisms can either survive and grow, or at least persevere as spores, for a long period of time. Spore formers have previously been isolated from sources where they could have only persisted as spores because cultivation was achieved after pasteurization, e.g. G. subterraneus and A. peptidifermentans [3, 4] , or the isolates' minimum temperature for growth was far above the in situ temperature, e.g. Desulfotomaculum arcticum and D. hippei [5, 22] . Due to the inability of thermophilic spore formers to grow in permanently cold sediments, it has been suggested that spores might be dispersed by ocean currents to the sediments where they are finally buried [6, 7] . In deep subsurface sediments off the coast of Peru, the concentration of dipicolinic acid indicated that the abundance of spores was as high as the number of vegetative cells [8] . In these sediments, results of metagenome analysis indicated that one sixth of all genes of the microbial community at depths between 1 and 50 metres below the sea-floor consists of genes from members of the spore-forming Firmicutes [1] . Overall, the spore-forming Firmicutes are quantitatively important members of surface and subsurface sediments, and future research will help to elucidate the origin and role of this group in the deep biosphere.
DESCRIPTION OF MARINISPOROBACTER GEN. NOV.
Marinisporobacter (Ma.ri.ni.spo.ro.bac'ter: L. adj. marinus marine; Gr. n. spora a seed; N.L. masc. n. bacter a rod; N.L. masc. n. Marinisporobacter a sporulated rod from the sea). The type species is Marinisporobacter balticus. The genomic DNA G+C content of the type strain of the type species is 43 mol%.
DESCRIPTION OF MARINISPOROBACTER BALTICUS SP. NOV.
Marinisporobacter balticus (bal'ti.cus N.L. masc. adj. balticus of the Baltic Sea, sampling location of the sediment).
Cells are 0.6-0.8Â2.7-7.8 µm. Mesophilic, growth range of 15-30 C, with optimal growth at 25 C. The growth range for pH is 6.6-7.7 (optimum pH 7.0-7.3) and for NaCl 0.1-4.5 % (optimum 0.5 % C. The pH range for growth is 6.5-8.0 (optimum pH 7.5-8.0) and the NaCl concentration range for growth is 0-3.5 % (optimum 0-0.1 %). Growth occurs by sulfate reduction with betaine, lactate, malate, ethanol, hydrogen, fructose, serine, glycerol and mannitol as electron donors. Thiosulfate, elemental sulfur, sulfite, DMSO, malate and fumarate are used as alternative electron acceptors. Fermentation of pyruvate, malate, fructose and glycerol are positive.
The type strain 63.6F
T (DSM 101609 T =JCM 31106 T ) was isolated from the subsurface of marine sediment from Landsort Deep (Baltic Sea). The DNA G+C content of the type strain is 43.2 mol%. 
